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Objectives: To determine the accuracy of colour flow Duplex scanning (CFDS) in the diagnosis of deep vein thrombosis 
(DVT) and subsequently o investigate its diagnostic value in patients who have normal deep veins despite symptoms. 
Design: Prospective open clinical study. 
Setting: Vascular laboratory and radiology departments of University Hospital. 
Materials and Methods: In the first part 112 limbs in 103 patients, 94 with symptoms ofacute DVT and nine with 
pulmonary embolism (PE) were examined prospectively with CFDS and venography. Subsequently, in the second part, 328 
legs in 304 patients were examined by CFDS alone for acute symptoms ofDVT or PE. 
Main Results: DVT was detected in 55 limbs by venography: proximal DVT was seen in 23 limbs, distal DVT in 25 limbs 
and both proximal and distal in seven limbs. CFDS was 100% sensitive and 98.8% specific in detecting proximal DVT 
whereas its sensitivity and specificity was 87.5% and 98.7% for distal DVT. Positive and negative predictive values were 
over 95% for both limb segments. The overall accuracy for the proximal DVT was 99.4% and for the distal 93.1%. In the 
second part, CFDS alone detected DVT in 156 limbs (47.6%); DVT was in the proximal segment in82, distal segment in
61 and both in 13. In 172 limbs other causes of symptoms were identified in 34 (20%). 
Conclusions: We have demonstrated that CFDS is as accurate as venography when used by experienced operators. The 
average time of examination is 15-20 minutes and compares favourably with venography. Other causes of leg symptoms 
can also be diagnosed by CFDS in around 20% of patients who are found to have normal veins. 
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Introduction 
The clinical diagnosis of deep vein thrombosis (DVT) 
has been shown to be inaccurate in approximately 50% 
of cases. 1-3 The annual incidence of recognisable DVT 
in the U.S.A. is estimated to be about 250 000 and more 
than 100 000 patients die each year from pulmonary 
embolism. 4 Post-thrombotic limbs may develop recur- 
rent thrombosis and venous insufficiency which are 
considerable causes of patient morbidity. Prompt and 
accurate diagnosis of DVT has the potential to prevent 
such morbidity. Ascending venography is the 
accepted gold standard for the detection of DVT; 
however, venography is invasive, cannot be repeated 
frequently, cannot be used during pregnancy, and may 
induce allergic reaction, venous thrombosis, and 
ulceration after extravasation of contrast. Therefore, 
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the use of contrast venography as a routine clinical 
diagnostic method has been questioned, particularly 
as there is increasing evidence for the reliability of 
non-invasive techniques, s' 6 
Conventional Duplex scanning is a well docu- 
mented method for the diagnosis of thrombosis and it 
is superior to other non-invasive methods. 7-1° How- 
ever, recent reports have questioned the accuracy of 
this method in the adductor canal and in the calf 
veins. 11-~4 Colour flow Duplex scanning (CFDS) is the 
latest technological development in the non-invasive 
imaging of vascular disease. It has been recently 
applied in the detection of clinically suspected DVT 
and in the surveillance of patients at high risk. 15-19 
The aim of this study was to determine the 
accuracy of CFDS by comparing it to ascending 
venography in patients presenting with symptoms 
and signs suggestive of DVT and subsequently to 
investigate its diagnostic value in patients who have 
normal deep veins despite the symptoms. 
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Material and Methods 
This study was performed in two parts. In the first 
part CFDS was compared with venography in a series 
of 103 patients (112 limbs), 94 with clinically suspected 
DVT and nine with pulmonary embolism. CFDS was 
performed blind and venography was performed and 
reported without knowledge of the Duplex findings. 
Both tests were performed within 48 hours of each 
other. Patients with previous DVT were not included 
in the study. Patients were referred from: the accident 
and emergency department (16); medical-(24) and 
surgical wards (52); and general practitioners (13). 
The second part of the study consisted of a 
subsequent series of 304 patients (328 limbs) with 
symptoms of acute DVT who were examined by CFDS 
alone. This was a comparable group of patients with 
the first series; most patients were referred from the 
hospital wards (213) and the rest (91) from the 
accident and emergency department and the local 
general practitioners. 
Ascending venography 
The method used was the standard one used in our 
institution with non-ionic contrast. 2° Three patients 
had unsatisfactory venograms and were excluded 
from the study. The venographic Criteria used for the 
diagnosis of DVT were those described by DeWeese 
and Rogoff; 21 i.e. persistent intraluminal filling defect 
shown on two radiographs. Proximal veins are 
defined as external iliac, femoral and popliteal veins. 
Distal veins are defined as gastrocnemial, soleal, tibial 
and peroneal veins. Non-filling of a proximal vein 
with good opacification of the distal and proximal 
segments in the presence of good collateral veins was 
considered as venous obstruction. Non-visualisation 
of one or more distal veins was not considered 
diagnostic of thrombosis ince, in normal extremities 
these veins are frequently not all visualised. Thrombi 
were classified as occlusive, non-occlusive, or isolated 
in the proximal and distal veins or a combination of 
both segments. 
Colour flow Duplex scanning 
Colour flow scanning was performed by the ATL 
Ultramark 9 Duplex scanner (Advanced Technology 
Laboratories, Bothell, WA, U.S.A.) using the 5MHz 
linear array scanhead. All the scans were performed in 
the Irvine laboratory by experienced investigators 
(NL, ML, EK). The examination technique is similar to 
Table 1. Diagnostic criteria for DVT with CFDS 
B-Mode imaging Colour-flow/Doppler signal 
Intraluminal echogenic 
material 
Partially compressible or 
non-compressible v in 
Blood flow of cell aggregates 
around a luminal filling defect 
Absent intraluminal signal 
Non-phasic, continuous flow 
signal with no change on 
Valsalva manoeuvre 
Diminished or absent flow with 
augmentation manoeuvres 
Colour-flow around an 
intraluminal filling defect 
conventional Duplex scanning and has been described 
15 18 22-24 previously. - ' The criteria used for the diag- 
nosis of thrombosis are summarised in Table 1. The 
external iliac vein was examined directly with the 
colour flow technique with the patient in supine 
position and the torso elevated at 45 degrees, The 
femoropopliteal segment was scanned with both the 
compression technique (gray-scale transverse scan- 
ning) and colour flow technique (transverse and 
longitudinal imaging). The calf veins (tibioperoneal 
trunk, anterior and posterior tibial, peroneal, gastro- 
cnemial and soleal veins) were imaged individually in 
both longitudinal and transverse planes from ankle to 
knee. The popliteal fossa and the distal veins were 
examined in the sitting position with the patient 
facing the examiner and the foot resting on a stool. 
Augmentation of blood flow by distal manual com- 
pression was frequently used in order to visualise the 
calf veins and whenever was necessary for the 
imaging of the femoropopliteal segment. 
Results 
Of the 112 limbs that underwent ascending veno- 
graph3~ 55/112 (49%) had DVT and 57/112 (51%) had 
normal venograms. The incidence and distribution of 
DVT appear in Table 2. The type and extent of thrombi 
Table 2. Incidence and distribution of DVT on venography 
Location n = 112 percent 
Any segment 55 49.1 
Proximal 23 20.5 
Common femoral 9 8.0 
Superficial femoral 14 12.5 
Popliteal 11 9.8 
Distal 25 22.3 
Proximal + distal 7 6.2 
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Table 3. Type and extent of DVT 
n = 55 percent 
Occlusive 41 74.5 
Non-occlusive 14 25.5 
Isolated 16 29.0 
Proximal 5 9.0 
Distal 11 20.0 
Table 4. Incidence and distribution of DVT in the series that had 
Duplex scanning only 
Location Number of limbs n = 328 Frequency (%) 
Any segment 156 47.6 
Proximal 82 25 
Distal 61 18.6 
Proximal + distal 13 4 
are listed in Table 3. In the first group of patients CFDS 
was highly accurate in the detection of venograph- 
ically proven DVT (Table 5). The overall accuracy was 
94.6%, rising to 99.4% for proximal DVT (Table 5). In 
the distal segment CFDS was less sensitive, with four 
thrombi missed, but very specific with only one false 
positive test and an overall accuracy of 93.1% (Table 
5). The positive predictive and the negative predictive 
value in both limb segments were over 95% 
The incidence and distribution of thrombi n the 
second group of patients who underwent routine 
Duplex scanning only are listed in Table 4. The 
prevalence of DVT and the distribution of the thrombi 
were similar to those found in the first group 
diagnosed with both venography and CFDS. In 
approximately 34 (11%) out of all patients, we were 
able to detect other pathologies to account for the 
presenting leg symptoms. The 34 patients (34 limbs) 
with a lesion other than DVT consisted 20% of the 172 
limbs (Table 6). Most of these findings wou ld  not be 
detectable by venography. 
Discussion 
Many studies have shown that CFDS can be as reliable 
as venography in the diagnosis of acute DVT when 
performed by experienced operators. 15-~9 Our con- 
trolled study supports these findings, with only 
around a 5% false positive and false negative rates, 
and an overall accuracy of 95%. 
Table 5. Accuracy of CFDS compared with ascending 
venography 
Sensitivity Specificity PPV NPV Accuracy 
All DVTs 92.7 96.5 96.2 93.2 94.6 
Proximal DVTs 100 98.8 96.8 100 99.4 
Distal DVTs 87.5 98.7 96.5 95.2 93.1 
All values expressed as percentages 
PPV = positive predictive value 
NPV = negative predictive value 
Table 6. Incidental findings 
Finding Number of limbs (n = 328) Frequency (%) 
Baker's cyst 11 3.35 
Haematoma 8 2.44 
Vein compression 4 1.22 
A-V fistula 3 0.91 
Pseudoaneurysm 2 0.61 
Vein incompetence 2 0.61 
Superficial phlebitis 2 0.61 
Cellulitis 2 0.61 
There were only two false positives: one in the 
proximal and one in the distal segment. There were 
four false negatives, all in distal veins. Three of them 
were non-occlusive and the fourth was small and 
isolated. This is consistent with previous reports ~2" 28 
which found that ultrasound tended to be inaccurate 
in detecting small thrombi n tibial veins. However, if 
one accepts the safety of leaving these distal thrombi 
untreated (see below), then no patient requiring 
treatment was missed; and only one patient would be 
treated for DVT unnecessarily. The errors of CFDS 
were therefore "safe" errors. 
On the baSis of these results we adopted CFDS as 
a routine, first-line diagnostic service. Although this 
represents a high standard of service provision, we are 
confident hat this standard can be reproduced with 
suitably trained personnel. Ultrasound examination, 
particularly of the lower limb, is operator-dependent, 
although we are content hat it is hardly any more so 
than contrast venography. 
One of the problems in DVT diagnosis has always 
been the significance of missing small calf thrombi. 
Although we do not have follow-up data yet, on the 
group of patients diagnosed as negative, previous 
experience has shown that missed DVT in this group 
is rare. Within i year from the Duplex examination o 
patient diagnosed as negative by CFDS, presented to 
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this hospital with recurrent symptoms of DVT or 
pulmonary embolism. When recurrence of DVT 
occurs, it does so in isolated tibial veins. 22 This 
condition is relatively less dangerous to the patient 
than proximal DVT, and indeed some authors have 
advocated that isolated calf DVT should be managed, 
at least initially, without specific treatment. 25 
We were able to make a different diagnosis to 
account for leg symptoms in around 11% of all 
patients (or 20% of those that did not have DVT). This 
is similar to the 9% incidence reported by Cronan et al., 
in whose series, the most common conditions were 
also Baker's cyst and haematoma. 26 Clearly these 
conditions cannot be detected by venography. Thus, 
CFDS offers clear advantages over contrast veno- 
graphy. It can be used in pregnancy and in grossly 
swollen limbs. There is zero risk of contrast allergy or 
venous thrombosis and does not incur the cost of 
contrast medium. It is equally accurate in the diag- 
nosis of DVT; it can be repeated in patients with calf 
DVT when a decision is made not to treat them and 
has the potential of making additional diagnoses in 
the presence of normal veins. 
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